Using e-e+ to b b(bar) to test properties of new interactions at LEP2
  and higher energies by Gounaris, G. J. et al.
ar
X
iv
:h
ep
-p
h/
97
03
28
1v
1 
 1
0 
M
ar
 1
99
7
THES-TP 97/02
March 1997
Using e−e+ → bb¯ to test properties of new interactions
at LEP2 and higher energies1
G.J. Gounarisa, D.T. Papadamoua and F.M. Renardb
aDepartment of Theoretical Physics, University of Thessaloniki,
Gr-54006, Thessaloniki, Greece.
b Physique Mathe´matique et The´orique, UPRES-A 5032
Universite´ Montpellier II, F-34095 Montpellier Cedex 5.
Abstract
We show that in e−e+ colliders at energies above the Z-peak, the process e−e+ → bb¯
becomes very sensitive to the presence of residual New Physics (NP) effects described
by the dim = 6 SU(3) × SU(2) × U(1) gauge invariant operators OqW , OqB and ObB.
This observation should be combined with the already known great sensitivity of the light
fermion production through e−e+ annihilation above the Z-peak, to the bosonic operators
ODW and ODB. It is important to emphasize that the effects of all these operators are
largely hidden at the Z-peak; while they are enhanced above it through the use the ”Z-
peak subtracted representation”. The observability limits for detecting these operators at
LEP2 and NLC, through such light fermion production processes, are also established.
1Partially supported by the EC contract CHRX-CT94-0579.
1 Introduction.
It is very reasonable to expect that the part of the New Physics (NP) beyond the Standard
Model (SM), which is responsible for the mass generation mechanism, should predomi-
nantly affect the scalar sector as well as the sectors most closely related to it; namely the
one of the heavy quarks of the third family and the sector of the gauge bosons.
Assuming that the particles responsible for NP are too heavy to be directly produced
in the present and forthcoming Colliders, and integrating them out, we end up with a
description of the residual NP effects in terms of SU(3)× SU(2)× U(1) gauge invariant
operators constructed in terms of the fields of the aforementioned sectors. If we also
assume that the NP scale is sufficiently larger than the electroweak scale, then one can
restrict the list of such operators to those of dimension = 6 [1]. In the present discussion
we will further assume NP to be CP-invariant.
For purely bosonic CP conserving interactions, the NP effects are then described in
terms of 11 dim = 6 operators involving γ, W , Z and Higgs boson fields [2, 3], and
another 3 ones involving also the gluon field [5]. Direct ways to test the presence of
such interactions have been proposed by mainly studying boson pair (W+W−, HZ, Hγ)
production in the e+e− or γγ collisions and also at hadron colliders, [4, 6, 7]. Indirect
tests through fermion pair production at Z peak and beyond have been done by looking
at gauge boson self-energy corrections and also at the vertex corrections induced by these
operators [8, 9, 10].
Related studies concerning the NP induced operators involving the quarks of the third
family, which are 34 in number, have also been recently done [11, 12, 13, 5, 14, 15].
In the study of these operators, one often divides them into two categories, using the
concepts of ”blind” and ”non-blind”. ”Non-blind” operators are defined as those inducing
tree-level contributions to observables measurable at LEP1/SLC. Such observables may
include pair production of any lepton or quark pair, (except the top), as well as studies
of the gauge boson propagators properties, that are strongly constrained by the present
LEP1/SLC precision measurements. It is commonly believed that the present bounds on
”non-blind” operators are very strong, and that they cannot be substantially improved
by higher energy experiments at LEP2 or bigger Colliders.
It turns out that this conclusion is erroneous for the bosonic operators [8, 9, 10]
ODB = 2 (∂µBµρ)(∂νBνρ) , (1)
ODW = 2 (Dµ−→W µρ)(Dν−→W νρ) . (2)
Because, these operators give tree level contributions to the fermion production ampli-
tudes that are strongly rising with q2, so that the constraints achievable at LEP2 and
higher energies should be substantially stronger than those possible at LEP1/SLC. Con-
cerning the comparison of these operators, to the operators
ODW = (Dµ−→W νρ).(Dµ−→W νρ) , ODB = (DµBνρ)(DµBνρ) , (3)
defined in [2], we remark that
ODW = ODW + 12g OW , ODB = ODB , (4)
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where [5]
OW = 1
3!
(−→
W
ν
µ ×−→W
λ
ν
)
· −→W µλ . (5)
Thus, the operators ODW , ODW give identical tree level contributions to the gauge boson
self-energies; and the same is true for the operators ODB , ODB.
A contribution to the fermion production amplitudes which is strongly rising with
q2, is interesting in two aspects. On the one hand it is obviously favouring observation
at higher energy colliders. And on the other hand, the use of the so-called ”Z-peak
subtracted representation”, allows a clean disentangling of operators inducing such q2
dependent contributions [16]. This procedure, which consists in using as inputs Z-peak
measurements and in subtracting NP contributions at q2 = M2Z , manages to express all
observables beyond the Z-peak in terms of only the aforementioned specific operators,
while all other possible contributions automatically cancel.
In [9, 10] it was observed that ODW and ODB are the only purely bosonic such oper-
ators, and the process e−e+ → f f¯ , for any light fermion f , was used to study them. In
the present work we present a corresponding study for the NP operators involving heavy
quarks of the third family. Among them [5], we find that only
OqW = 1
2
(q¯Lγµ
−→τ qL) · (Dν−→W µν) , (6)
OqB = q¯LγµqL(∂νBµν) , (7)
ObB = b¯RγµbR(∂νBµν) , (8)
generate at tree level such a strong q2 dependent contribution. In (6-8), qL = (tL, bL) is
the third family left-handed quark doublet and Dν is the usual covariant derivative.
As stated already, the application of the ”Z-peak subtracted representation” to the
processes e+e− → f f¯ , uses as inputs the experimental values for the partial widths
Γ(Z → f f¯) and the Z-peak asymmetry factors Af . Under these conditions, it can been
shown that any further NP contribution to e+e− → f f¯ must come from (some of) the
five operators ODW , ODB, OqW , OqB and ObB only. The two bosonic ones contribute to
all fermion pair production in a universal way, while (OqW , OqB, ObB) only contribute to
e+e− → bb¯ (and of course to e+e− → tt¯ to which we are not interested here since there is
no definite Z-peak subtraction [13]). Since ODB and ODW can be discriminated by using
the lepton production channels, as well as the channels involving quarks of the first two
families, we concentrate in the present work on the process e−e+ → bb¯, which allows the
study of the three operators OqW , OqB, ObB. In the presence of polarized beams, there are
four possible observables that can be constructed, namely σb, A
b
FB, A
b
LR and A
pol(b)
FB , which
allows to test and disentangle the three operators OqW , OqB, ObB. The study therefore
of the effects of the operators (ODW , ODB, OqW , OqB, ObB) can go beyond the usual
treatment of NP effects, which usually consists in taking one operator at a time, ignoring
possible correlations.
In Section 2 we calculate the effects on e−e+ → f f¯ amplitudes starting by first using
the equations of motion, which considerably simplifies the computation. We apply this
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technique to all five operators, and check that for ODB and ODW it reproduces the results
obtained in a different way in ref.[9, 10]. We also establish the unitarity constraints for
these five operators. They allow to relate their coupling constants to the energy scale at
which the two-body scattering amplitudes saturate unitarity. At this energy, new types
of effects like the creation of heavy degrees of freedom, should appear in order to restore
unitarity. So this energy scale corresponds to the effective NP scale ΛNP . In Section 3
we compute the contributions to the observables from the OqW , OqB and ObB operators,
using the Z-peak subtracted representation.
In Section 4 we apply the results to the LEP2 and NLC energy ranges and we derive
the observability limits for the relevant NP couplings. Finally, Section 5 summarizes the
physics issues of such an analysis, for what concerns the search for residual NP effects in
e−e+ → f f¯ processes.
2 e−e+ → bb¯ observables for studying ODB, ODW , OqW ,
OqB, ObB.
As explained in the Introduction, the Z-peak subtracted representation allows to disentan-
gle the contributions from the ”derivative” operators leading to a strong q2-dependence;
namely ODB, ODW , OqW , OqB, Ob. In this framework the effect of the two bosonic op-
erators has already been discussed in [9, 10] using the results of [2] obtained with the
propagator formalism. According to this, all NP contributions are expressed as modifi-
cations to the γ and Z propagators. In this section we show that the contribution of the
above operators to e+e− → f f¯ can be more directly computed in a very simple way using
the equations of motion.
The effective Lagrangian describing the NP contribution from the Oi operators in (1,
2, 6-8), is
Leff = LSM +
∑
i
fi
m2t
Oi . (9)
The SM equations of motion for the B and W fields
Dµ
−→
W
µν
= g
−→
J
ν − i g
2
[DνΦ†−→τ Φ − Φ†−→τ DνΦ] , (10)
∂µB
µν = g′JνY − i
g′
2
[DνΦ†Φ − Φ†DνΦ] , (11)
with
−→
J
ν
and JνY being the SU(2) and hypercharge fermionic currents respectively, allow
us to express Oi as
ODB = 2g′2JµY JY µ +
gg′2
cW
(v +H)2JµY Zµ +
g2g′2
8c2W
(v +H)4ZµZµ , (12)
ODW = 2g2−→J µ−→J µ − g
3
√
2
(v +H)2(J+µW+µ + J
−µW−µ )−
g3
cW
(v +H)2ZµJ
3µ
4
+
g4
8
(v +H)4
(
2W+µ W
−µ +
1
c2W
ZµZµ
)
, (13)
OqB = − g′(q¯LγµqL) ·
(
JY µ +
g
4cW
(v +H)2Zµ
)
, (14)
ObB = − g′(b¯RγµbR) ·
(
JY µ +
g
4cW
(v +H)2Zµ
)
, (15)
OqW = − g
(
q¯L
−→τ
2
γµqL
)−→
J µ +
g2
4
(v +H)2
{
1√
2
(q¯Lγ
µt+qL)W
+
µ +
1√
2
(q¯Lγ
µt−qL)W
−
µ +
1
cW
(q¯Lγ
µ τ
3
2
qL)Zµ
}
.(16)
In (12-16) τ i (i = 1 − 3) are the usual three Pauli matrices and t± ≡ (τ 1 ± iτ 2)/2,
qL = (tL, bL) is the doublet of the left-handed quarks of the third family, J
±
µ = J
1
µ ± iJ2µ,
are the charged fermion currents, and W±µ are the fields absorbing W
± respectively.
¿From (12-16), note that these operators provide q2-independent NP contributions to
the Zff¯ couplings. These contributions are irrelevant for our treatment though, since,
together with any other NP contributions from all other operators in [2, 5], they will be
absorbed in the Z-peak observables used as inputs. We also note from (12,13), that ODB
and ODW induce tree level contributions to the W and Z masses, but no contribution
to the ρ parameter measuring the neutral to charged current ratio [2]. Finally we also
remark that there is no NP contribution to the γff¯ coupling.
We next turn to the unitarity constraints on the couplings of the Oi operators. Note
that in (9) we have normalized these couplings to m2t . We apply the same techniques
as in [17, 5]. We consider the strongest unitarity constraints arising from the two-body
scattering amplitudes and we identify the energy at which unitarity is saturated to the
scale ΛNP . We find:
OqW : The most stringent constraint for this operators arises from the transitions
among the j = 1 colour-singlet flavour-neutral channels |tt¯−+ >, |bb¯−+ >, |uu¯−+ >,
|cc¯−+ >, |dd¯−+ >, |ss¯−+ >, |ee¯−+ >, |µµ¯−+ >, |τ τ¯−+ >, |νeν¯e−+ >, |νµν¯µ−+ >,
|ντ ν¯τ −+ >, |ZHL >, |W+W−LL >. The result is
fqW ≃ 5.7 π
g
(
mt
ΛNP
)2
≃ 27.5
(
mt
ΛNP
)2
. (17)
OqB: The most stringent constraint also comes from the j = 1 colour-singlet flavour-
neutral channels |tt¯ − + >, |bb¯ − + >, |uu¯ − + >, |cc¯ − + >, |dd¯ − + >, |ss¯ − + >,
|tt¯+− >, |bb¯+− >, |uu¯+− >, |cc¯+− >, |dd¯+− >, |ss¯+− >, |ee¯−+ >, |µµ¯−+ >,
|τ τ¯ − + >, |ee¯ + − >, |µµ¯ + − >, |τ τ¯ + − >, |νeν¯e − + >, |νµν¯µ − + >, |ντ ν¯τ − + >,
|ZHL >, |W+W−LL >. The result is
fqB ≃ 2.66 π
g′
(
mt
ΛNP
)2
≃ 23.4
(
mt
ΛNP
)2
. (18)
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ObB: The most stringent constraint comes from the same j = 1 channels as in the
OqB case. The result is
fbB ≃ 3.45 π
g′
(
mt
ΛNP
)2
≃ 30.4
(
mt
ΛNP
)2
. (19)
ODB: The most stringent constraint comes from j = 1 channels which are singlet
under colour, as well as under the horizontal SU(3) group relating the three families.
Denoting by U and D the generic up and down quarks and by E and N the charged
and neutral leptons, we write these channels as |UU¯ + − >, |UU¯ − + >, |DD¯ + − >,
|DD¯ − + >, |EE¯ + − >, |EE¯ − + >, |NN¯ − + >, |ZHL > and |W+W−LL >. After
diagonalizing the relevant 9× 9 transition matrix, we obtain the constraint
fDB ≃ 0.56 π
g′2
(
mt
ΛNP
)2
≃ 13.8
(
mt
ΛNP
)2
. (20)
ODW : The situation is similar to the previous one, but the channels are somewhat
fewer now, namely |UU¯ − + >, |DD¯ − + >, |EE¯ − + >, |NN¯ − + >, |ZHL > and
|W+W−LL >. The diagonalization of the transition matrix gives
fDW ≃ π
g2
(
mt
ΛNP
)2
≃ 7.36
(
mt
ΛNP
)2
. (21)
When calculating process e−e+ → f f¯ (f 6= t), at energies higher than the Z peak,
all fermion masses can be neglected. In such a case, the only NP contributions to which
e−e+ → f f¯ is sensitive, are those which can interfere with the SM ones and are there-
fore characterized by the fact that the antifermions e+ and f¯ have helicities opposite to
those of e− and f respectively. Thus in the helicity basis, the transition matrix is fully
characterized by just the helicity of the outgoing f and the incoming e−. Restricting to
f 6= e, the differential cross section for e−e+ → f f¯ is then written as
dσ
dcosθ
=
πNf
2q2
{
(1− PeP ′e)[(1 + cos2θ)U11 + 2cosθ U12]
+ (P ′e − Pe)[(1 + cos2θ)U21 + 2cosθ U22]
}
, (22)
where Pe (P
′
e) denote twice the average helicity of the incoming e
− (e+) beams, Nf the
QCD factor Nf ≃ 3(1 + αspi ) for quarks and Nf = 1 for leptons, and
U11 =
1
4
[|FLL|2 + |FRR|2 + |FRL|2 + |FLR|2] , (23)
U12 =
1
4
[|FLL|2 + |FRR|2 − |FRL|2 − |FLR|2] , (24)
U21 =
1
4
[|FLL|2 − |FRR|2 + |FRL|2 − |FLR|2] , (25)
U22 =
1
4
[|FLL|2 − |FRR|2 − |FRL|2 + |FLR|2] . (26)
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The Fij in (23-26) denote the ”reduced” helicity amplitudes, where the angular de-
pendence is removed. The first index i describes the helicity of the outgoing fermion f ,
while the second index j represents the helicity of the incoming e−. As is seen from (22)
and remarked in [19], the angular dependence in the differential cross section for fully
polarized beams allows the complete separation of all four independent |Fij | quantities.
Applying these for f = b, we have that the usual measurable quantities at any q2;
namely the integrated cross section, the forward-backward asymmetry, the longitudinal
polarization asymmetry and the polarized forward-backward asymmetry, are obtained as
σb =
4π
q2
(
1 +
αs(q
2)
π
)
U11 , A
b
FB =
3
4
U12
U11
, AbLR =
U21
U11
, Apol,bFB =
3
4
U22
U11
(27)
As emphasized in [16], in order to be able to take into account any possible additional
NP contribution not described by the operators in (12-15), we have to express the Z-
peak contribution to Fij directly in terms of the measured observables at LEP1/SLC.
Only then we are able to isolate the q2-enhanced high energy contribution induced by the
aforementioned 5 operators. Apparently there are two equivalent ways to do this. In [16,
9, 10] this was done by exactly absorbing all NP contributions, either on or off the Z-peak,
to modifications of the γ and Z propagators. The value of the Z-propagator on the Z-peak
is then fixed by experiment, and the NP induced by the five operators above, is completely
described in terms of the off-shell behaviour of the γ−Z propagator. This technique was
then applied to the study of operators ODB and ODW . An alternative technique consists
in using the SM equations of motion, which naturally leads to a representation where all
NP is expressed either in terms Z-peak contributions, or in contact-term effects increasing
with q2. In the next Section both techniques will be applied to study the operators OqW ,
OqB and ObB.
3 Z-peak subtracted forms for the e−e+ → bb¯ Observ-
ables.
The ”reduced” helicity amplitudes Fij appearing in (22-26) and describing e
−e+ → f f¯
with (e−-helicity = j) and (f -helicity = i), are written in the effective Born approximation
as
FLL = −α(q2)Qf −
3
√
ΓfΓe
MZ
√
Nf
χ
(1 + v˜f )(1 + v˜e)ǫ(Qf )√
(1 + v˜2f)(1 + v˜
2
e)
+
q2
m2t
[
− α(q2)
(
fDW
s2W
τ 3f +
2fDB
c2W
Y fL
)
+ δbf
√
α(q2)
4π
(
− fqW
4sW
+
fqB
2cW
)]
, (28)
FRL = −α(q2)Qf +
3
√
ΓfΓe
MZ
√
Nf
χ
(1− v˜f )(1 + v˜e)ǫ(Qf )√
(1 + v˜2f)(1 + v˜
2
e)
7
+
q2
m2t
[
− α(q2) 2fDB
c2W
Y fR + δbf
√
α(q2)
4π
(
fbB
2cW
)]
, (29)
FLR = −α(q2)Qf +
3
√
ΓfΓe
MZ
√
Nf
χ
(1 + v˜f )(1− v˜e)ǫ(Qf )√
(1 + v˜2f)(1 + v˜
2
e)
+
q2
m2t
[
− α(q2) 4fDB
c2W
Y fL + δbf
√
α(q2)
4π
(
fqB
cW
)]
, (30)
FRR = −α(q2)Qf −
3
√
ΓfΓe
MZ
√
Nf
χ
(1− v˜f)(1− v˜e)ǫ(Qf)√
(1 + v˜2f )(1 + v˜
2
e)
+
q2
m2t
[
− α(q2) 4fDB
c2W
Y fR + δbf
√
α(q2)
4π
(
fbB
cW
)]
. (31)
In (28-31),
χ =
q2
q2 −M2Z + iMZΓZ
, (32)
Γf is the Z → f f¯ partial width, and
v˜f =
gV f
gAf
= 1− 4|Qf |s2f , (33)
where s2f is the effective Weinberg angle for the f -fermion. Thus s
2
e (and s
2
l assuming
lepton universality) is defined by the longitudinal polarization asymmetry through
ALR =
2v˜e
1 + v˜2e
, (34)
while s2f is defined by the so called polarization forward-backward asymmetry for the final
f -fermion through [10]
Af =
2v˜f
1 + v˜2f
. (35)
In the following we will apply this for f = b. In practice, as we are only interested in
first order manifestations of the NP effects we can safely identify sW with sf or se (or sl)
inside the coefficients multiplying these NP terms.
In the expressions for Fij given in (28 -31), the first term comes from the γ exchange,
the second from Z-exchange and the term proportional to q2 arises from the contact 4-
fermion interactions induced by the Oi operators we are studying. One way to apply the
Z-subtraction technique of [16] in these expressions is to neglect the photon and contact
contributions for q2 = M2Z , and this way fix the coefficient of the term proportional to χ
using the LEP1/SLC measurements. This is what was done in (28 -31) and its validity is
based on the dominance of the Z-peak. Substituting then these to (23-26), keeping only
terms linear in the NP couplings, we get through (27) the predictions for the four possible
observables.
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An alternative, and in principle more general way to ensure the correct Z-peak sub-
traction is the one suggested in [16, 9, 10] using the results of [2]. To ensure the correct
Z-peak subtraction, we first decompose the NP contact terms in (28-31) to a superposition
of terms having the photon and Z Lorentz structures; i.e. Qfγ
µ and γµ(gV f−gAfγ5). This
way, we identify the γγ, ZZ, γZ, Zγ contributions to the neutral gauge boson propagator,
with the Z-peak subtracted quantities ∆lfα(q2), Rlf (q2), V lfγZ(q
2) and V lfZγ(q
2) defined in
[16]. This is done in a straightforward way, leading for e+e− → bb¯ (i.e. f ≡ b) to the
results
∆lbα(q2) =
q2
m2t
{4(c2WfDB + s2WfDW )−
s2W
g
fqW +
2sW cW
g
fqB +
3
g′
(1− 2s2W/3)fbB} (36)
Rlb(q2) =
(q2 −M2Z)
m2t
{−4(s2WfDB + c2W fDW ) +
c2W
g
fqW ) +
2sW cW
g′
(fqB − fbB)} , (37)
V lbγZ(q
2) =
(q2 −M2Z)
m2t
{4sW cW (fDB − fDW + 1
4g
fqW )− 2sW cW
g
(fqB − fbB)} (38)
V lbZγ(q
2) =
(q2 −M2Z)
m2t
{4sW cW (fDB − fDW + 1
4g
fqW ) +
2s2W
g
fqB +
3
g
(1− 2s2W/3)fbB} , (39)
Using then (22-26), we have that the general expression of the polarized e+e− → bb¯
angular distribution is determined by
U11 =
α2(0)
9
[1 + 2δ∆˜(lb)α(q2)]
+2[
α(0)
3
]
q2 −M2Z
q2((q2 −M2Z)2 +M2ZΓ2Z)
[
3Γl
MZ
]1/2[
3Γb
NbMZ
]1/2
v˜lv˜b
(1 + v˜2l )
1/2(1 + v˜2b )
1/2
×[1 + ∆˜(lb)α(q2)−R(lb)(q2)− 4slcl{1
v˜l
V
(lb)
γZ (q
2) +
1
3v˜b
V
(lb)
Zγ (q
2)}]
+
[3Γl
MZ
][ 3Γb
NbMZ
]
(q2 −M2Z)2 +M2ZΓ2Z
×[1− 2R(lb)(q2)− 8slcl{ v˜l
1 + v˜2l
V
(lb)
γZ (q
2) +
v˜b
3(1 + v˜2b )
V
(lb)
Zγ (q
2)}] , (40)
U12 = 2[
α(0)
3
]
q2 −M2Z
q2((q2 −M2Z)2 +M2ZΓ2Z)
[
3Γl
MZ
]1/2[
3Γb
NbMZ
]1/2
1
(1 + v˜2l )
1/2(1 + v˜2b )
1/2
×[1 + ∆˜(lb)α(q2)−R(lb)(q2)]
+
[3Γl
MZ
][ 3Γb
NbMZ
]
(q2 −M2Z)2 +M2ZΓ2Z
[
4v˜lv˜b
(1 + v˜2l )(1 + v˜
2
b )
]
×[1− 2R(lb)(q2)− 4slcl{1
v˜l
V
(lb)
γZ (q
2) +
1
3v˜b
V
(lb)
Zγ (q
2)}] , (41)
U21 = 2[
α(0)
3
]
q2 −M2Z
q2((q2 −M2Z)2 +M2ZΓ2Z)
[
3Γl
MZ
]1/2[
3Γb
NbMZ
]1/2
v˜b
(1 + v˜2l )
1/2(1 + v˜2b )
1/2
9
×[1 + ∆˜(lb)α(q2)−R(lb)(q2)− 4slcl
3v˜b
V
(lb)
Zγ (q
2)]
+
[3Γl
MZ
][ 3Γb
NbMZ
]
(q2 −M2Z)2 +M2ZΓ2Z
[
2v˜l
(1 + v˜2l )
]
×[1− 2R(lb)(q2)− 4slcl{1
v˜l
V
(lb)
γZ (q
2) +
2v˜b
3(1 + v˜2b )
V
(lb)
Zγ (q
2)}] , (42)
U22 = 2[
α(0)
3
]
q2 −M2Z
q2((q2 −M2Z)2 +M2ZΓ2Z)
[
3Γl
MZ
]1/2[
3Γb
NbMZ
]1/2
v˜l
(1 + v˜2l )
1/2(1 + v˜2b )
1/2
×[1 + ∆˜(lb)α(q2)−R(lb)(q2)− 4slcl
v˜l
V
(lb)
γZ (q
2)]
+
[3Γl
MZ
][ 3Γb
NbMZ
]
(q2 −M2Z)2 +M2ZΓ2Z
[
2v˜b
(1 + v˜2b )
]
×[1− 2R(lb)(q2)− 4slcl{ 2v˜l
(1 + v˜2l )
V
(lb)
γZ (q
2) +
1
3v˜b
V
(lb)
Zγ (q
2)}] . (43)
In practice, at the accuracy at which the NP effects can be observed, both ways of
calculating Uij give identical results.
4 Observability limits at LEP2 and NLC
The operators ODB and ODW contribute in a universal way to e+e− → f f¯ for any (light)
fermion f . The best constraints on their couplings obviously come from the more accurate
precision measurements obtained through lepton pair and light hadron production. This
has been discussed in [9, 10]. The sensitivity limits on the couplings found in [9, 10] and
the implied lower bounds on the associated unitarity scales are (compare (20, 21))
|fDB|
m2t
(TeV −2) . 0.05, 0.011 0.0056
ΛNP (DB) (TeV ) & 17 35 50
(44)
|fDW |
m2t
(TeV −2) . 0.026, 0.005 0.0028
ΛNP (DW ) (TeV ) & 17 38 51
(45)
for the LEP2, NLC500 (unpolarized) and NLC500 (polarized) cases respectively, with a
luminosity of 500fb−1 for LEP2 and 20fb−1 for NLC.
These bounds imply that the effect of the ODB (ODW ) operators on the b quark
observables defined in (27), are at LEP2 at most
|δσb
σb
| ≃ 0.0016 (0.0054) , (46)
|δAbFB| ≃ 0.0013 (0.0008) , (47)
|δAbLR| ≃ 0.0040 (0.0022) , (48)
|δApol,bFB | ≃ 0.0026 (0.0012) , (49)
10
while for NLC500(unpol,pol) they are at most
|δσb
σb
| ≃ 0.0031, 0.0016 (0.0084, 0.0047) , (50)
|δAbFB| ≃ 0.0021, 0.0011 (0.0010, 0.0006) , (51)
|δAbLR| ≃ 0.0071, 0.0036 (0.0032, 0.0018) , (52)
|δApol,bFB | ≃ 0.0052, 0.0027 (0.0023, 0.0013) . (53)
Thus, the effects of the ODB and ODW operators on the bb¯ observables, expected on
the basis of the sensitivity limits derived from the light fermion processes, turn out to
be much smaller than the expected experimental uncertainties listed in Table 1 for a bb¯
tagging efficiency of 25%. As shown in this Table, these uncertainties appear to be of the
order of a few percent. So in the following analysis of the e+e− → bb¯ process, working
with the Z-peak subtracted representation, we can ignore the uncertainties brought by
the ODB and ODW operators. Therefore, we restrict to a 3-free parameter case involving
fqW , fqB and fbB only and proceed to the derivation of the observability limits. We write
for each of the above four observables, Ai, (i = 1, ..4), the inequality
|
3∑
j=1
Kijfj| ≥
δAiexp
AiSM
, (54)
where
Kij =
d((Ai −AiSM)/AiSM)
dfj
. (55)
In (54), δAiexp is assumed to be given by the expected statistical uncertainty for the
nominal collider luminosity, assuming that the mean value of Ai is given by SM. We then
combine quadratically all such information coming from the l available observables (l = 2
at LEP2 and l = 2 or 4 at NLC). At one standard deviation this gives the observability
domain which is outside the ellipsoid surface
l∑
i=1
|
3∑
j=1
[Kijfj].[
δAiexp
AiSM
]−1 |2 = 1 . (56)
The projections of this ellipsoid on the 3 planes spanned by pairs of couplings (fj, fk)
are shown in Fig.1 . For the unpolarized case, only two observables are available, namely
σb and A
b
FB. Thus, experiments provide only two (linear) constraints on the system of the
three NP couplings fj . The system is therefore not fully constrained, and the ellipsoid
degenerates into bands, in (some) planes at least. In Fig.1a,b,c, these bands are indicated
with dotted lines for the unpolarized LEP2 case at 190GeV, and with solid lines for the
unpolarized NLC case at 500GeV. We should remark that in passing from the LEP2 case
to the unpolarized NLC one, an important reduction of the widths of the bands occurs,
from O(1) to a few 10−2 TeV −2. This is of course due to the strong increase with q2, of
the contributions of the above operators.
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Finally if e± beam polarization is available, then two more physical observables, namely
AbLR and A
pol,b
LR become possible, which transforms the band into the ellipses shown in
Fig.1a,b,c, and magnified in Fig.2a,b,c.
These results can be compared with a treatment of the OqW , OqB and ObB operators
one by one, deriving the corresponding sensitivities on the NP couplings and the related
lower bounds on the unitarity scales. Thus, for the LEP2, NLC(unpol), and NLC(pol)
cases, we get the respective results
fqW
m2t
(TeV −2) . 0.60 0.036 0.032
ΛNP (TeV ) & 6.8 27.6 29.3
(57)
fqB
m2t
(TeV −2) . 0.41 0.030 0.018
ΛNP (TeV ) & 7.6 27.9 36.0
(58)
fbB
m2t
(TeV −2) . 0.58 0.030 0.013
ΛNP (TeV ) & 7.3 31.8 48.4
(59)
At NLC, if polarization is available, one can observe that the bounds obtained are less
than a factor 2 stronger than those obtained in the 3-parameter case. This illustrates the
quality of the disentangling provided by the four observables.
5 Conclusions
In this paper we have studied a special set of dim = 6 SU(3) × SU(2) × U(1) gauge
invariant operators dubbed ODB, ODW , OqW , OqB and ObB. These operators are es-
sentially characterized by the two properties of being ”non-blind” (i.e. affecting Z-peak
observables at tree level), and of involving many derivatives which lead to strong energy
dependencies.
We have emphasized that this second property allows to disentangle the effects of these
operators from all other ones (”blind” or ”non-blind”); provided the Z-peak subtraction
technique is employed. This technique consists in fixing the values of the inputs using
the LEP1/SLC data, which then implies that the high energy behaviour of e−e+ → f f¯ is
only sensitive to the five operators just mentioned. We stress that this does not include
any assumption on the other 43 dim = 6 SU(3)× SU(2)×U(1) gauge invariant and CP
symmetric operators [2, 5], since their effect is fully removed [16, 9, 10].
We have then studied the observability of the effects of these five operators at LEP2
and NLC. To appreciate the physical importance of these, we have also established the uni-
tarity constraints for the two-body scattering amplitudes induced by the same operators.
This allows to relate the coupling constant of each of them, to an effective oderator-
depended NP scale; (defined as the energy at which new degrees of freedom should be
created in order to restore unitarity). The observability limits can then be expressed as
lower bounds for these NP scales.
To disentangle the 5 operators above, we may proceed as follows. In a first step,
the processes e−e+ → f f¯ , (where f is a charged lepton or a light quark u, d, s, c),
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may be used to study the possible appearance of the ODW and ODB operators. Once
the situation concerning them is clarified, the process e−e+ → bb¯ may be used to study
the remaining three operators OqW , OqB and ObB. We have shown that the uncertainties
which may affect the ODW and ODB effects on the process e−e+ → bb¯ are weaker than the
experimental errors affecting the corresponding observables and thus the determination
of the OqW , OqB and ObB effects.
In order to achieve the goal to fully study and discriminate these 3 operators, it is
mandatory to have polarized beams. Because only then, we will have at least three
independent bb¯ observables. This should be possible at the NLC500 Collider.
The resulting observability limits presented in Fig.2abc, show a possible determination
of the fqW , fqB, fbB couplings at the percent level, which means NP scales in the 20–30
TeV range. These bounds are just slightly weaker than those obtained, under the same
conditions, for the operators ODW and ODB, which were in the 50 TeV range.
At LEP2, where no polarization is available, we only have two constraints affecting
the contributions from the three operators OqW , OqB and ObB, which makes their full de-
termination impossible. Non trivial constraints in the form of bands for pairs of couplings
are nevertheless obtained and shown in Fig.1abc. The widths of these bands are of order
O(1 TeV −2).
For comparison we have also treated the above operators one by one. In the NLC case
the bounds obtained are not much stronger than in the 3-parameter case. This illustrates
the quality of the disentangling provided by the four observables. In the LEP2 case, the
independent bounds for each coupling separately are at the 0.4–0.6 TeV −2 level, which
means NP scales in the 6–8 TeV range. This is comparable with what is expected for
other operators and better than what is obtained from a similar one by one treatment at
LEP1/SLC. This point was also emphasized in a recent paper [14].
In conclusion, we would like to reiterate on the fact that, due to the lack of knowledge
of the underlying dynamics, NP manifestations can take many different forms (just note
the large number of possible dim = 6 operators) and that it is therefore essential to
look for ways of disentangling the various classes of effects. An analysis of experimental
data at present and future colliders along the lines presented in this paper, should bring
significant information in this direction, as it singles out a special class of operators.
Table 1: Expected accuracy on e−e+ → bb¯ observables
(for 25% bb¯ tagging efficiency.)
Observable δσb/σb δA
b
FB δA
b
LR δA
pol,b
FB
LEP2(190GeV, L = 500fb−1) 0.05 0.04 −−− −−−
NLC(500GeV, L = 20fb−1) 0.012 0.01 0.01 0.01
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Figure captions
Fig.1 Constraints from e+e− → bb¯ observables in the 3-free parameter case,
at LEP2 (without polarization) (dotted ), at NLC (without polarization) (solid ), at
NLC (with polarization) (ellipse ).
(a) projection on the (fqB, fbB) plane.
(b) projection on the (fqW , fbB) plane.
(c) projection on the (fqW , fqB) plane.
Fig.2 Constraints from e+e− → bb¯ observables in the 3-free parameter case, at NLC
with polarization.
(a) projection on the (fqB, fbB) plane.
(b) projection on the (fqW , fbB) plane.
(c) projection on the (fqW , fqB) plane.
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